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-_.....y theirchallengingnature,NASAprogramsareparticularly
- _-demandingof technologicalinput.Meetingthe aeronauticaland

!_.-"..._spacegoalsofthepastthreedecadeshasnecessitatedadvance-

mentsacrossabroadspectrumthatembracesvirtuallyeveryscientific
andtechnologicaldiscipline.

.... '...... " ikThistechnologyis simplyknowledge,or know-how,.andl e other
formsof knowledgeit is transferable;oncethetechnologyis developed,
it canbe.reappliedto usesdifferent-oftenremotelyso-from theoriginal
application,Thus,thegreatstorehouseof technologyNASA-hasacquired
constitutesavaluablenationalresource,a bankofknowledgeavailable

• forreapplicationto newproductsandprocessesof benefitto the
;:nationaleconomyindustrialefficiencyandhumanwelfare.

' promote
ex , transferinthepubticinteresL_Theinstrument .
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Spino#sin

HealthandMedicine
j"

-_naerospacedesign,everysubsystemmustbesuper-
efficientandultrareliable,

yetassmallandlightastechnology
permits-requirementsthatare

sharedbymanytypesofmedical
devices.That'sonereasonwhythe
fieldof healthandmedicinehas

beena particularbeneficiaryof
aerospacespinoff.

tations.Anoutstandingexample
is thecooperative/developmentof

human-implantablesystems.bya
group-ofresearchorganizations;
andmedicalequipmentmanUfac-
turerswhoappliedsuchspace,

technologiesas advancedlong-life
batteries,microminiaturized
compOnents,electronicsensors
andtelemetry,thewireleSsrelay

The:Unitedstatesleadsthe of codedsignaisfor,high-volume"
• ... • . .: . . : .: .... . .... : .. ,...

worldin thetechnologyof building. _two-waycommuniCationbetWeen
complete;reliableaerospacesys- Earthandorbit:someexamples..,.
tems,inincrediblytinypackages ofthe results: ........ " :

and;thattechnologyhasspawned A ArechargeablecardiacPace_

a lineof life.savingmedicaladap, makerthateliminatesthe_,

recurringneedfor..surgeryto
replacebatteries.

A Anadvancedheartpacerthat
maybereprogrammedwithout

surgery-viabiotelemetry-as
a patienrsconditionchanges.

A A humantissuestimulatorthat

providesrelieffromchronicpain
bysendingelectricalimpulses
to targetednervecenters.

A An-automaticimplantable
"defibrillat0r"thatsensesthe
•start0ffibrillati0n-inWhichthe

heartloses,itsabilityto'pump
:,_.blo0d_andc0_rre-ctsitby:Send_

inganelectricalimpulse,tothe
hear[

,_,Aprogrammableimplantable
systemthat automaticallydiS-
pensesprecisely,measured
medication-suchasinsulinfor

diabetics-to targetorgans..
DesCribedon.thesepagesarea
fewof thousandSof applications.
ofaerospacetechnologythathave.
providedextraordinarybenefitto
thefieldof healthandmedicine.A

. .

. ..: . . ,

Wearerofa rechargeablecardiac, .- .
pacemaker,thechildisshown,withthe '
companionunitthatsendsanelectrical,, , ...._
chargetothepacer'sbatterywithout
surgery.

ystemthat patient(seated)isbriefedonthe ' .....
'"' .... ; monitOrlambula-,operationofawearable.systemthat; ;_...:'; ....,....

, .._, ; ..... .......

:,:..to_patio .... rona_:artery_ continuOuslydeliversinsulin-through.,. ; :.::
._:,__":.._;.i .:- i. ' ......... " : _ !:... diseaseincorpOratestechnOiogy.:. aneedleundertheskin-fortreatment.

.... originallYdevelopedtoobservethe.. _ ofdiabetes,a life-extendinginvention •.......
•heartaction!:Of-iSPaCeShottleastro', derivedfromspacemicrominiaturi-, , " ' "
nauts,It continuouslyevaluatesand :: zationtechniques, "
recordsheartSignalS,alertstodanger:
andallowsphysicianstodetermine
theefficacyoftreatment.• . .:
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Spinoffs in

HealthandMedicine

ody imaging is the art of
creating picturesof human

interiorsto aid physicians

in diagnosis,treatmentandsurgery.

The X-ray is a familiar exampleBut

where the X-ray shows only bone

structure, medicinenow has avail-

able a broadrange of bodyscan-

ningequipment and techniquesto

penetratebone and producehighly

informative images of bodytissue

and organs

Much of this technology stem-

med from the spacetechnique

knownas digital image process-

ing, developedas a meansof

assemblinga pictureof a planet

or moonfrom bits of sensordata

sent to Earth in digital form by a

distant spacecraft Lateradvances

broughtways to correctsensor

errors,changepicturecontrast,

emphasizecertain features,make

measurements,generallyto amplify

the informationthat can beextrac-

ted from the computerized image

This explosively-proliferating

new technology has spun off to

suchvariedfieldsas defenseequip-

ment, non-destructivetesting,

archeology,chemistry,cartography,

manufacture of printed circuitry,

metallurgy,ultrasonicsand seis-

mography Nowherehas image

processingtechnologybeen more

importantlyor moreeffectively

employedthan in medicine,where

it hasenabledadvancementsin CAT

scanning,diagnostic radiography,

brain and cardiac angiography,

sonarbody scanningand monitor-

ing surgery The illustrationsshow

a representativefew of the scores

of image processingspinoffs in

medicine A

NMR- nuclearmagneticresonance-
isa promisingnewtechniquefor

diagnosticbodyscanning,butNMR
imageryis complexanddifficultto
interpret.Spaceimageenhancement
technologyoffersa meansofsimplify-

inginterpretationforbetterdiagnosis.
ThreeblackandwhiteNMRimages

werecomputer-enhancedto create
thischestscan"thememap,"inwhich
eachcolorrepresentsadifferent

type oftissueandatumormass(top
center)is preciselyoutlined.

__ __:_" _ii_:_i!i_!ii_i__ _ Now inuseinmorethan20statesand
• _i iii!i_i_:i!_i:i_!ii_i_ __ anumberofforeigncountries,slow_

scaniV-a technologythatoriginated

intheU.S.spaceprogram-makes

possibleinstantconsultationbetween
_!!:i:_ medicalcentersandspecialistsat

.... _ ...... homeor intheiroffices.Thespecialist
viewsthepatient'sbodyimageryinex-

Themedicaltechnicianis usingthe
systempicturedtogetacomputerized

analysisofa microscopespecimen
thatwillprovidefarmoreinformation
thanvisualinterpretationanddo
it farmorerapidly.Thissystem,

severalrelatedsystemsandthewhole
companythatproducesthemareall
spinoffsfromNASAdigitalimage
processingtechnology.

pensivelytransmittedovera standard

telephoneline,allowingaccelerated
diagnosisthatcouldbevitallyimpor-
tanttoanemergencypatient.

z



or lunarexploration,astro-nautsneededa compact,
lightweight,battery-powered

long-usedrill.toextractcore
samplesfrombeneaththelunar

industrialandmedicaluse.That's

oneexampleof howa space
requirementgeneratesnew tech-

nologyforeverydayproducts;here
areafewothersin thefield_of

of,,cordlesstools forconsume(.-.,:::..-...-/ApoIloast:maut,,'_;_.-respiratory

gases;it isnowusedinhos-

pitalsforanalysisofanesthetics,
,AA life-searchexperimenton

aMars-landingspacecraft
requireddevelopmentof mini-
aturizedvalvingtechnology
whichbecamethefoundation

of afamilyofcivil-usefluid

controldevices,such"asafiltering
systemthatremovesimpurities
fromblood.

,a,Newborn_prematurebabies_
arewarmed-without;noiseor
burnhazard-in,cradleswhose

electricity,conductingcanopies

provide,controlled_radiantheat,

anoffshootof NASAtechnology
developedfor heatedcockpit
canopiesandastronauthelmet
faceplates.,a,

i_"_, " :_i' -:: :' .... _i "?' : _._ '; ,'"_i :.,' : ...... _ • . ' _' ' i i ::.. ::., ,.::_ .::.:; i. _;i: : : " ' .

Thesurgeonisusingaself, _i_ _'`_.....i _ : Iechni,......E_at_.leftareprepadng!;;;::.!A;itiny!moteofidUStcouldtrigger.
containedinstrumentthatneedsno_ ,
powersource,linesorhoses,thus _ i _ i naticsysiemthatdeteCtSiandi!_"i: ....
offersoptimumfreedomintheopera, identifiesdisease:producingmech;I forassem'

tingroom.Itisoneofalineofcordless aniSmsinthe_humanbodylHandling_i,ili!IblyofSensitive
surgicalinstrumentsthatstemmed asmanyas240samplesatatime,:iI i;:_hospital-likecleanrooms.Oneof
fromthedevelopingcompany'swork itprovidesfasteranalysis-thus SeveraloffshoOtsofthattechnology
onamoondrill. : earliertreatment--andminimiZes..... baseisalineofadvanced,dispo-

humanerror.Successfultransferal sablelinexpensiVeanticont;amination
thistechnology,originallydeveloped:garmentsforhospitalsand '
todetectbacterialcontamination pharmaceuticalcleanrooms.
aboard.anunmannedplanetaryspace, . ......
craft,resultedinformationofanew

• company. :_• "
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Spinoffsin

PublicSafety

Thefieldofpublicsafetyhas

beenespeciallysusceptibleto
transferof aerospacetechnology:
Someexamples:

A Developedto minimizeSpace
Shuttlefirehazard,apolyimide
foammaterialwithexceptional
flameresistanceisusedon

interiorfurnishingsofpublic-
useaircraft,trainsandbuses.

A Availableto airport,municipal
andindustrialfirefightersis a
"bayonet-type"spraynozzle,
developedfor Shuttlelanding
emergencies,thatcanbethrust

throughtheskinof atranspor-

tationvehicleorcertainbuilding
materialsto deliverextinguish-
antsto theinterior.

,_,A NASA-developeddevicefor
detectionof invisibleflamesin

liquidhydrogenpropellanttanks
hasbecomeacommercial

productfor useinhydrogen

generatingplantsandpipelines
A Thesophisticatedsmoke/

firedetectonsystemusedin
theSkylabmannedspacecraft
providedthetechnologyfor
a homeusedetection/warning
device.

•A A specialtypeof electronic

circuitrydevelopedfor space
telemetryprovidedtechnology
for asupersensitiveindustrial
gasleakdetector;thesame

technologywaslaterapplied

to apost,firearsondetection
deviceandavisualalertsystem
forthehearingimpaired

A Anunderwaterdevicethat
signalsthelocationofa downed

...... .... .T'*: : ....

•/5_

Ocean-landedApolloastronauts Theworkmenarecuttinggroovesin
• waitedfor helicOpterpickupininflat,

'pre, ahighwaysurfacetoimprovewet
• ableraftsSpeczallYstabZl:izedto weathertracton.DevelopedbyNASA

ventoverturnbythehelicopters . tocurbskidsoflandingaircraft,the
downwash.TheNASA-patented•watergroovingtechniquehasbeenapplied
ballaststabilizationsyStemwas.... tohundredsofairportrunwaysworld-
employedinawidelyusedcommer-wide,andtomanyhighwaysinNorth
cialraftthatdoesnotcapsizein i_ America,EuropeandAsia.
heavyseas.

Athin,lightweight,flexiblefire-
resistantfabricdevelopedforApollo
astronauts'spacesuitsfoundapplica-
tioninafire-entrysuitforfire-fighters
andindustrialworkersexposedto
highheat,steamorhotliquids.
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airliner'sflight recorderborrowed , • . ,.

technologyfrom a NASA/Navy...... ......

developedsonarsearch/Iocator .... ,,

. system, A ..... ,, . ............ _ ....... _ . i_:_i_¸. •..... _ '

Thefirst twophotosaboveshowa
conventionallycoveredchairafter30

and90secondsexposuretohigh
temperature.Thelattertwo photos
showtheeffectofthesameexpo-
sureona chaircoveredbya fabric
containingfireblockingfibersofa

formulaoriginallydevelopedfor
astronautflightsuits.As is evident,
thefibersCurbflamespread,hence
offerincreasedsafetyinawide

rangeofcivilapplicationsfromair-
lineseatcushionstoautoracing
drivingsuitstofoundryworkers
protectiveapparel.

., " .,_:,.i. ¸'¸ . !_.. .

Thesefirefightersarewearinga
breathingapparatusforprotection
againstsmokeinhalation,theresult

ofa multiorganizationaldevelopment
projectthatadaptedaerospace

materialsandtechnologytoa national
needfor lighter,lessbulkyfirefighting
equipment.

,,. :, , ._

NASAdesigntechnologyfor"hard

shell"pressuresuits-intendedto
protectfuturelunarcolonistsagainst
micrometeorites-wasincorporated

inthisadvanceddeepwaterdiving
system,whichhasfluidicjointsto
permit75percentnormalhuman
mobility.

Atleft isoneofseveralproductsthat
spunofffromNASAresearchinx-ray

telescopeinstrumentation,anx-ray
inspectionsystemfor examining
luggageatairportsandothersecurity
areas;itproduceshighqualityimages
atextremelylowradiationdosages.
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Sp&o£s&

Consumer/Home/
Recreation

cho1,NASA'sfirstexperi-
mentinsatellitecommuni-

cations,wasa lO-story-size
balloonusedasagiantreflector
for "bouncing"radiosignalsfrom
onepointon Earth̀toanother.For
itsskin,NASAneededamaterial

thatwasexceptionallythinand
lightyet-highlyreflective:ANASA

lizedproductswithextraordinary
heatreflectionor heatretention

characteristics.Thetechnology
transferprocesswentthrougha
secondcircuitwhenNASAfound

that:metallized:materials:Were:::
ideal.forprotectionoi:i
crewsand.com
radiationan

contractorcameupwith.ametal, plus
coatedplasticfilmSofinethat anotherround .......
theballoon'sskin-washalfthe -_ ofa

thicknessof thecellophane:ona horn
cigarettepaCkage.Thatdeveiop-, uncom

men:tti.igge.!edii:.!hegrowthofa _ biankets.ten1.....

whOleneWindustrymakingmetal-

windowshades,bedwarmers,wind-

breakers,candywrappings,food

packaging,to mentiononlyafew

amongscores-andthereare
many;additionalapplicationsin
other.fields:A_."

.,

personalCoolingsystemmanydrivers
usetocombatcockpittemperatures
thatoftengetabove130degrees
Fahrenheit.Thecoolsuit,which
includesahelmetliner,isaderivative
ofspacesuittechnology.

three-dimensional"spacer"material crewsfromintensesolarradiation
becameanenergy-savingwindow
insulator.Athinmetallizedfilmbonded
towindowsofhomes,schools,office
buildingsandotherfacilities,it
reflectstheSun'sheatandglareout-
ward,cuttingdownonenergycosts
forcooling.

forcushioningandventilation.That
material,inmodifiedform,hasturned
upinapopularlineofathleticshoes
designedfor improvedshockabsorp-
tionandreducedfootfatigue.



,/_!i

A computerizedbeautymakeover
systemincorporatesNASAimage
analysistechnologyoriginallydevel-

opedtoconstructandanalyzepictures
ofdistantplanets.Directedbya
makeupexpert,thesystemanalyzes
theclient'sskincolor,considers

thousandsofmakeupcolorcombi-
nationsandoffersa selectionof
"new looks."

Thisiceshowtroupeisperforming:on
an"instantrink"builtatopatheater
stageinonedaybymeansofa spinoff

portableicemakingsystem.Thekey
isaninnovativeflexibletubecircu-

lationsystemfortherefrigerated
coolant,anadaptationofa solar
collectorheatdistributionnetwork

developedunderNASAsponsorship.

Winnerofthe1987America'sCup,
theracingyachtStarsandStripes
gotanassistfromNASA-developed
"riblets," tinygroovesintheyacht's
hullthatcontributedto increased

boatspeed.Theworld'slargestjet-
linerproducerisnowplanningto
incorporateribletsinitstransports

toreduceair dragandimprovefuel
efficiency.

Toprotectplasticsurfacesof

aerospaceequipmentfromharsh

environments,NASAdevelopedan
abrasion-resistantcoatingthatfound
commercialapplicationina popular

line ofsunglasses.TheNASAtech-
nologywascombinedwiththecom-

pany'sownresearchtoproducea
long-wearinglenswithscratch
resistancebetterthanglass._
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Sp/noffs#7

FoodandAgriculture

___ .__ .__ . _.... .__-. _ ...... .

A microwavesystemdries
agriculturalcropswithless

chanceof quality loss

and a lower energyrequirement

than hot-air blowers;it is a spinoff

from.space-simulatingvacuum

chambertechnology For increased

hog production, some farmersare

using a roboticsow-an artificial

nursingmachinefor piglets-whose

keyelement is a miniatureheat

pump developedfor satellites,

Theseare examplesof manywidely

varied aerospacespinoffs in food

and agriculture;a few more are

illustratedJ,

Notyourordinaryfishingnetisthe
one,pictured;it is aspinoffseine
thatsinksfasterandarrivesat its

fishingdepthquickerthanconven-
_;_tional nets,thustraps extratonsof
;: fiShthat wouldotherwiSedart_away._

• Thekey:is.a.superstrOngtwioeand.a
ii twisting;processfirst used:inasafety
neffOrpersonnelworkingonthe
SpaceShuttle.

.-

..

. ,- ,., . ,..

Morethanadecadeofresearchby
NASAandtheDepartmentofAgri-
culturebroughtasolutiontoa major
cropdustingproblem:wastefuland

environmentallyunacceptabledriftof
chemicalsbeyondtargetareas.The
answer:acomplexcomputerprogram

thatconsidersallvariablesandpro-
videsinformationonhowtoadjust
sprayheight,nozzlepositionorother
factorstogetthedesiredcoverage
withminimaldrift.

Thisirrigationsystemrotatesaround

a centerpivot,wateringmulti-acre
areasina singlerevolution.Each
three-tonwheeled"tower" hasits

ownelectricmotor;poweristrans-
mittedtothewheelsbyindividual"

gearboxesthatincorporateNASA
technologytoprotectthemfrom
wearandheatstress.

,._. _,, :,.

_,,,_ _,,
. \ ., .....

,,•
. -,. ,

,.
...



Sp&o£s &

Manufacturinq
Technologyarid
IndustrialProductivity

mong examplesof aero-spacetechnologybeing put

to productiveuse in indus-

trial facilities are an air flotation

system that allowsheavyloads

to "float" over the plant on air

bearings,an adaptationof the

method used by NASAto move

multi-ton launch vehiclesegments;

useof the materialin SpaceShuttle

thermal tiles as an insulatorfor

the heatingchambersof a high

temperature laboratorysystem;

and a NASA-developedsystem

that facilitates roboticwelding by

employingclosed-circuit TVto

guide an arcweldingtorch without

human intervention.Someother

examplesare pictured.A .......... ::

ToincreasethethrustofliqUidfuel

rockets,NASA:developedan"inducer"
toboosttheflowrateofrocketfuel

pumps.A pumpmanufacturerused

theNASAtechnologytoincreasethe
speedofspecialpurposepumpssuch
astheoneshown,whichis usedto
recirculatewoodmolaSSes:

,,- ,.

lO

Picturedaboveisa batchofmicro-

spheres,plasticbeadssotinythat
avialaslongasanindexfingercan
hold15millionofthem.Perfectly
sphericalbecausetheyweregrown
ingravity-freespace,theyservean
importantneedamongindustrial

laboratories_andmanufacturing
facilitiesasreferencestandardsfor

calibratinginstrumentswithextreme
accuracy.

Inthephotoarea Varietyofferro-
fluid bearings.FerrOfluidsareliquids

providedwithmagneticproperties.
Theyhadtheirorigininthespace
programwhenscientistsexperimented
withdrawingweightlessfuelintoa

rocketenginebymagnetizingit.
NASAlicensedthetechnologyto
a companyformedspecificallyto
commercializeit.Ferrofluidsoffer

uniqueadvantagesinmanufacture
ofelectronicproducts,industrial

processes,medicalequipment,visual
displays,automatedmachinetoolsand

awiderangeofotherapplications.
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Spinoffsin

Energy

Pace-pioneeredsolar
energy technologyhas

found wide usage in Earth

heating, cooling,and electricity,

generating applications.Among

other spinoff technologiesare

heat pipesused to cool spacecraft

electronicsand a variety of tech-

niques originallydesigned to

minimize energyuse in aircraft

and spacecraft,now servingthe

same purpose in Earthapplica-

tions.Among unusualspinoffs

are the employment of space

telemetry in an automatic oil well

productionreporting system, and

the use,of space'developed power

amplifiersto reduceTVstations'

-transmission costs:.;.A -

Thealuminized"heatshield"being
appliedholdsoutorkeepsinheat,

coldairandwatervapors.Onceused
asa radiantheatbarrierinApollo
andotherspacecraft,theheatshield

insulationisthekeyelementofa

sophisticatedenergyconservation
techniquefor homesandoffice

buildingsthatoffersdramaticenergy
savingsandisfindingrapidly
increasingacceptanceintheU,S.

Withintheuprightsupportsof the
Alaskapipelinearesome76,000
heatpumps,compact,no-moving-
partsdevicesthat,inspaceuse,alter-
natelyheatorcoolspacecraft

componentssubjectedtovarying,
temperatures.InAlaska,theperma,
frostsoilalternatelyfreezesand
thaws.Thatcouldweakenthe

pipeline'ssupportstructure-except
fortheheatpipes;theykeepthe
groundnearthepipelinepermanently

frozen,protectingagainstpipeline:
rupturesthatcouldcauseeconomic
lossorenvironmentaldisaster.

ORIGINAL PAGE
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Toconserveenergyinaerospace
systems,NASAdevelopeda controller
forelectricmotorsthatsenses

amotor'sloadandfeedsitOnly
theminimumvoltageitneedsto do
itsjob-hence sharplycutspower
wastage.Installedinmanufacturing

facilities-suchasthehomeproducts
conveyorlinepictured-it cansave
bigcompaniesmillionsa yearin
powercosts.



Spinoffsin
i

Construction

abricstructuresandflatconductorcablefor building
electrificationareexamples

of extraordinaryspinoffbenefitto
thefieldofconstruction,butthere

aremanyothersthatofferimpor-
tantgainsineconomy,safetyand
constructionsimplification.
A randomselection:

,J,NASA'slongexperiencein
fracturetoughnesstestingfor
aerospacehardwarecontributed
tosafety-enhancingtestproce-
duresandrequirementsforall
U.S.federal-aidhighwaybridges.

,J,Analuminumcolorfinishthat

improvestheweatherresistance
andattractivenessofcommer-

cialbuildingsis based!npart,,
onananodizingpr,ocess:,_
developedto prodUcea,bard:",._

..

protectivefinishfor spacecraft
•exterior,surfaces.

A Developedformeasurement

of boltstressinwindtunnels,
aNASAb01t des

.... .. ... ,,

tion

onbolttensioninginconstruction
jobsandreduceschanceof

seriousaccidentscausedby
overtightenedorundertightened
bolts.A

Inthe1960s,twocontractorsteamed
i_to produceaspecialfabricforspace
i ::suitsthatwasthin;light,flexible,
:_,yetdurableandnoncombustible.The

materialprovidedthebasisforlater
_velopmentOfheavier,construction-

arlyadvanta-
_roperties,Thefirstadaptation

(left).
r lowcosthasinspired

acceptanceoffabric-
:roofedstructuresinshoppingmalls,
Stadiums,_fieldhouses,schools,•
Iheaters,exhibithallsandindustrial
facilities.Americancompaniesare

:!alsotakingthetechnologyabroad;in
istheHajTerminal

AbdulazizInternationalAirport
audiArabia.

L.
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v

Useofflatconductorcable(FCC)-
ratherthanroundcable-to reduce

thesizeandweight•ofaircraftand
spacecraftsystemssoundslikea

simpleswitchbutit tookyearsof
research.NASAsubsequentlyapplied
thatknow-howina multiyear,multi-

organizationalefforttoadaptthe
technologytodesignofelectrification

systemsforcommercialbuildingsand
obtainapprovalfromfireprotection

andinsuranceauthorities.Offering

speedyinstallation,reducedcostof
rewiringandsimplifiedbuildingcon-

struction,useofFCChasexpanded
rapidlysincethefirst•Commercial

installationin1979.Abovelefti an

undercarpetinstallatiOn.Withwiring
out•ofsightandnoverticalwiring
enclosuresneeded,interiordesigners

havenewlatitudeinp!an,ingattrac-
tive',openlandscape,':officelayouts

suchasthatint0plcenter:, :
. .

.

Strong Windscancausealotef
probiemsfor buildingS,:particularly
tal/buildings,soarchitectsare
increasinglyempl0yZng,wind "

engineering,,'a relativelyneW _ :_
disciplinethatinvolvestestingmodels
ofnewbuildingsin!_Zndltunnels:in

thephoto,aleading:Windengiheer>,isi

settingupa testina ziniversitywind
tunnel;hisspeciaitechniqueinc0r- :
poratesNASApredibtivetechnology
forcomparingsimUlatedwithactual:_!

windflowsat levelsbelow2,000feet :

A lineofcordlesstoolsandinstru-

mentsbasedontechnologydeveloped
fora lunarsubsurfacedrillincludes
self-containedconstructiontoolsfor

usewherea powersourceis not
readilyavailable.

ORIGINAL PAGE

COLOR PHOTOGRAPH



Spinoiisin

Transportation

anyof the aerodynamic,
propulsionand other

advancesthat havemade

American-built airliners the most

widelyoperated in the world

originatedinNASA aeronautical

research:NASA alsoapplies

aviation,acquired.propulsion

expertiseto automotiveresearch.

And many other aerospacetech-

nologieshaVefound adaptation,

viathe-spinoff route,,insurface

transportationapplications,,A

ThemightyturbopumpsoftheSaturn
:. V moonboosterfed fueltothelaunch

vehicle'senginesattherateof
200,000gallonsa minute.Theturbo-

pumps(above)laterfoundcommercial
utilityasprimarypropulsionsystems

-:fin atypeofhighspeedcrewboatand
supplyvessel(left)fortheoffshore
oilindustry.

Incooperationwithtruckers,
enginemanufacturers,andother

governmentagencies,NASAis
developing-forcars,busesand
trucks- anadvancedStirlingexternal
combustionenginethatoffersdramati-

callylowerfuelconsumptionand
environmentalgainsinreducednoise
andexhaustemissions.

The SpaceShuttle'ssophisticated,
computerizedpropellantmanagement

system,especiallydesignedto
monitortheflowofsupercoldcryo-
genics,providedthetechnologyfor

asystemthatmeasurespreciselythe

cryogenicsloadedandoffloadedby
liquefiednaturalgastankerslike
theonepictured.
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Spinoffs in

StructuralAnalysis

or years, aerospaceengi-
neershaveemployeda

design technique in which

they create mathematicalmodels

of an airplaneor spacevehicle

and "fly" it by means of computer

simulation;that enables them to

studythe behaviorof a number of

different designs beforesettling

on a final configuration.For this

technique,NASAdevelopedthe

NASTRANprogram-NASA

StructuralAnalysis-which takes

anelectronic look at a comput-

erizeddesign and predictshow

the structurewill perform under

service useconditions.Quick

and inexpensive,it minimizes

trial and error in the design

process,this has becomeone

of the most.widelyemployed

spinoffs, used.toanalyzeautos,

trucks, railroadcars,ships,

nuclearreactors,steam turbines,

bridges, rollercoasters,office

buildings and hundredsof other

structuresA
.• • . ..... , .. :i ¸

AdecadeagotheU,S.autoindUst_

•. 1 _,gandesigningcarswithhelptrom _
:i_: '!i.: :_' t ie!!_NAsA-develoPedNASTRANpro,

" i_::i'_:;::_.i!_7am::TodaytheNASTRANprogram
_,:_:_,._._,.i:."_::._ii!_ii_;_i, _-,-_. -.:., :i.:,_, "...... 1.

is incorporatedinthecomputer

designprocesses•o[sevaralmajor
autocompanies.

A machinerymanufacturerusedth{
NASTRANprogramtodesignthese

steamturbines.A predictivetooli
NASTRANanalyzedthedynamic

behaviorofturbinecomponents,
allowingsubstantialsavingsin
developmentcosts.

A majorshipbuilderusedtheNASTRAN
programindesigningtheU.S.Navy's

K/ddC/assdestroyers,oneof
whichispictured,andtheCG-47
C/assofguidedmissilecruisers.

Inthephoto,a mammothvalvefor

a nuclearpowerplantis undergoing
shockandvibrationtestingona
"shaketable."Indesigningaline
ofvalveproducts,themanufacturer

usestheNASTRANProgramto
identifyhighstressareasandto
establishdesignadequacyunderthe
mostsevereconditionsthevalve

mightencounterinserviceuse,
includingearthquakes.
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Spinoffsin

ComputerPrograms k..

ASAandother .government
agencies developmany

_o_f.Computerpro-

giam_S!:l uently canbe

adapted-With.little"or no ..:.,._

rnodification"to secondaryuses,.

oftenrremote,frOm ei!Original

purpose:":ln:the interest:of,national.'.._,,

Software Management.arid

InformationCenter"(COSMIC)

offers adaptableprogramsto

industry at a_fraction:of their

originial cost.Sincea customer

gets a returnmany times the

investment,O . ' 'OSMICs service has

become one of.thebroadestareas

of spinoff appli :,:i_!i:

their potential,secondary;uses

wouldfill::a,.:catalog;;the,illustrations

ACOSMICsoftwarepackagehelps
aninsurancecompanycatchdata
processingerrorsbeforetheyaffect
thecompany'scustomerserviceor
itsprofitability.

ACOSMIC-suppliedcomputerprogram
is usedin;anbffshoreioii_zndustry_
projeCtaimedatdevelopinga caPa-

bilityforpredicting,thebestpile
drivingtechniquefor eachnew
offshoreplatform.

thatpredictnoiselevelsof

machinerywereemployedina
nOiseanalysisperformedfora
tobaccocompanythat,,soughtto

reducenoisesoitsemployees
wouldnothavetowearear

i . .

• AwaterfOwlpreservationsociety

UsesNASA'developedsoftware
tointerpretsatellitedataonthe
continuallychangingconditionsof
waterfowlhabitats.

structures
upWhenusediinp!asuc_

liketheContainerS "
::iii,,Shown-isanalyzedbyCOSMICi

software suppliedtoa manufacturer
of chemicalcOmPOundSfOrplastics.::-

...... • ,

......... .. ,...

. .

. . . :-

protectiondevices.

.v...-#. ._ :. . 8,,
. .• _i _ . ._ _..: • ._ "

• . •
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NASATechnology
TransferSystem

..., .

NASKs system of technology

transfer personnel and facilities

extends from coast to coast and

permits geographical coverage

of the primary industrial concen-

trations in the United States,

together with regional coverage

TechnologyUtilizationOfficers

Mr.LarryMilov
TechnologyUtilizationOfficer
Ames ResearchCenter

MailCode223-3

-.:. .... Moffeit Field,CA94035
(415)-694;,6471

TechnologyUtilizationOfficer
GoddardSpaceFlightCenter .... • ......

• MailCode_702 .i.._
... Greenbelt,MD 20771

(301) 286_6242

Mr.

of state/local government trans-

fer activities. Main elements of

the system include Technology

Utilization Officers (TUOs) at nine

NASA field centers, who manage

their center's participation in

technology utilization matters,

Dr.NortonL Chalfin

TechnologyUtilizationManager
Jet PropulsionLaboratory
MailStop 156-211
4800 OakGrove:Drivei
Pasadena,CA911091;k

(818)354.-2240 :., . iii..

Na

NSTL Station,MS39529

(601)688-1929

and 10 Industrial Application Cen-

ters (IACs), which provide infor-

mation retrieval services and

assistance in applying technical

information to user needs. TUO

and IAC contacts are :listed below.

For information about other NASA

technology transfer services,

contact the Director, Technology

Utilization Division, NASA Scien-

tific and Technical Information

Facility, Post :Office Box 8757,

Baltimorel Maryland 21240..

Dr.StanleyA. Morain Dr.DanielU.Wilde
Director President

TechnologyApplicationsCenter(TAC) NERAC,Inc. "
Universityof NewMexico :_L ..., i_ one TechnologyDrive

,:NASA.RoadOne

Mr,JohnSamoS

Mail Stop139A
i . .. Hampton;VA23665 "......

.. Pasadena;.CA91109

823

Mail Stop7-3

21000BrookparkRoad
Cleveland,OH44135

(216)433-5567

611N. Capitol-Avenue .

Indianapolis,IN 46204
(317)262,5036

Director : '":_.......'
Unive ity ofGeorgia. -

NASA/SouthernTechnology
ApplicationsCenter• 382 E. BoardStreet

Box24,ProgressCenter Athens, Georgia30602
OneProgressBlvd. (404) 542 _3265

Alachua,FL32615

(904)462-3913
(800)225-0308
(800)354-4832 (ELOnly)




